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Histerically, many military tacticians recognized the impact weather
can have on the cqnduct of military operations. As early as 480 B.C.,
the Greeks exercised their knowledge of strong sea breezes ﬁo defeat
the Persians in the_Battle of Salami. Hannibal used his superior
knowledge on the timing of the spring thaw in the Appennine Passes north
of Genoa to stfategica11y position his army between the Roman Armies
and their capita].l

During World War II weather played an important role in both the

'European and Pacific theater. Since aircraft were flying higher, faster,

and farthér than before, they encountered‘meteoro]ogica] phenomena,
such as jet stream winds and extremely cold temperatures that froze
lubricants, which they had not experienced before. General Eisenhower
}eadily recognized that "in Europe bad weather was the worst enemy of
the air."2 | » *
Almost twénty years of techno]ogfca] evolution had transpired when
the Southeast Asian Conflict reached its peak. Still the Navy's A-6
and the Air Force's 8-52 and F-111 were the only aircraft that even
approached an "all-weather" capability. The so-called "smart" bombs,
Electro-Optical Ordnance, could be categorized as "smart" when launched
only in the absence of weather.3 During the "Linebacker II" exercise
in- December 1972, Admikd1 Moore testified4 that there were actually |

only about 12 houfs (in a 11 day conflict) which were suitable for

visual bomding, including use of the so-called "smart" bombs.

SAi 8200554
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Because tacticiansvand weapons planners have recognized the
‘importance of weather to military operations, they have long §ought to
achieve an "a]]-wéather" capability. But what does an "all-weather"
| capabi]fty really mean? This paper will discuss some conceptual views
of "all-weather" capabilities and then address potential system utility
based on the occﬁrkence,»dﬁrétion, aﬁd distribution of weather in a
Central German scenario. |
The impact weather can exert is a function of many other variables
"such as the mission to be performed, the system being used, the arena
in which the mission is performed, the tactics used, and such. For
example, an aircrew flying air-to-air combét missions would be less
concerned with the c]oud_and visibility conditions in the lowest 500
. “feet of the atmosphere than an aircrew flying close air support or\baﬁt]e-
‘fieldlinterdiction missions. To the air-to-air combatant, information
1ike the 1ocation of cloud tops, presence of p]ear Tayers, and colora-
“tion of the skyAcan be critical. If this is true, then what is meant

y the term, "all-weather?"

The term “all-weather" connates difféFéﬁt things to different
people. Air Ferce Manual 11-25 recognizes two Department of Defense
acceptable definitions in reference to weaﬁher; A11-Weather Fighter
and Adverse Weather. Adverse weather is weather in which military

operations are-génera11y restricted or impeded. This definition could
int]udéja]most any weafher phenomeﬁé since it encompasses naval, ground,

and air operations. S S : -
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An “"all-weather" fighter is a fighter aircraft with radar devices
and other special equibment which enable 1t to intercept its target in
dark ot daylight Weather conditions which do not permit visual inter- |
ceptioh. Here "all-weather" is relegated to detection/acquisition pro-
cess. Weather phenomena such as turbulence, icing, etc., would only be
indirect considerations when they affect visual interception. 'Mény defi-
hitions and concepts in the Air Force follow similar Tines. |

Prior to October 1978, the Air Force Planning Guide6 1istéd the

_definitions in Table 1 in the section on Theater Confiict. Notice that

_the'1500 foot and 3 mile condition also coincides with the visuaT/

instrument flight rule delineation. In the October 1978 version of the

Guide, the ceiling/visibility conditions were deleted 1h favor of a

‘definition of "all-weather" more closely associated with our definition

of "All-Weather Fighter." However, within the new Guide itself, there

is no consistent definition. For example, the section on Command and

Control lists conditions below 500 feet and 2 miles as “a]i-weather“ which

is quite different from the definition in the section on Theater Conflict.
The Non-Nuclear Consumables Analysi§{ Table 1, lists six categories

df weather conditions with ceilings from 500 feet through 12,000 feet

tion made for "all-weather", conditions below 500 feet and/or 3 mi1e§

would be for non-visual f]ight’ru]e delivery.
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TABLE 1. CURRENT ALL-WEATHER CONCEPTS

@ AIR FORCE PLANNING GUIDE: , »
DAY/NIGHT CLEAR GREATER THAN 3000 FT/5 MILES

(AREIE T AR SN N

DAY/ NIGHT ADVERSE ———————— BETWEEN 3000 FT/5 MILES AND

S : o 1500 FT/3 MILES

¥ i ALLWEATHER LESS THAN 1500 FT/3 MILES

- @ NON NUCLEAR CONSUMABLES ANNUAL ANALYSIS: :

L ~ CATEGORY CEILING VISIBILITY CONDITIONS

| 1 "2 500FT/3 MiLES BUT< 1000 FT/3 MILES
2 2 1000 FT/3 MILES BUT < 1500 FT/3 MILES
3 2 1500 FT/3 MILES BUT < 3000 FT/4 MILES
4 = 3000 FT/4 MILES BUT< 6000 FT/5 MILES
5 2 6000 FT/5 MILES BUT<12000 FT/5 MILES
6. 212000 FT/5 MILES

" ® OFFENSIVE AIR SUPPORT MISSION ANALYSIS: T

-t DAYTIME — LUMINESCENCE AND WEATHER CONDITIONS PERMIT USE
: OF VISUAL SYSTEMS
NIGHTTIME — LUMINESCENCE AND WEATHER CONDITIONS PRECLUDE USE
. : OF VISUAL SYSTEMS BUT PERMIT INFRARED ( IR} -
ADVERSE — LUMINESCENCE AND/OR WEATHER CONDITIONS PRECLUDE
‘ ' USE OF VISUAL AND IR SYSTEMS

® GENERAL OPERATIONAL REQUIREMENT FOR AUTONOMOUS TACTICAL ALL WEATHER
STRIKE:

IS - : e ALL WEAfHER DEFINED AS ZERO-ZERO TO C!.EAR. RAIN RATES SPECIFIED.

- @ OTHERS

NON-NUCLEAR AKMAMENT PLAN
TACTICAL ALL WEATHER ATTACK REQUIREMENTS
MISSION ELEMENT NEED STATEMENT FOR ENHANCED TACTICAL FIGHTER
R JGINT MISSION ELEMENT NEED STATEMENT FOR TACTICAL AIR DEFENSE
O ; "~ SUPPRESSION

o v JOINT CLOSE AIR SUPPORT/ INTERDICTION MISSION AREA ANALYSIS AND
MISSION ELEMENT NEED STATEMENT ‘
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The Offensive Air Mission Ana]ysiss'(OASMA) has several references
to day/night and adverse Qeather. The most general references occur fn

_ Section IV.H.2 of the main report and are listed in Table 1. More
specific ceiling and visibility can be found for the OASMA study ih
other sections of}the report. And, as Table 1 implies, there are other
plans, requirements, etc., which reference "all-weather." The only |
consistency which is apparent'in these references is that they predomi-

'vnante1y address "all-weather" in terms of ceiling and visibility.

v The meteorologists perception of "all-weather” is somewhat different
-in that.he views it as a totally inclusive term comprised of all possible
meteorological phenomena which might impact a system. The weatherman

f=wou1d be concerned not only with system susceptibility to ceiling and

visibility but also to icing, turbulence, etc., as seen in Figure 1.

RhSastadnckis 2 GR RS R

- There are times when these other phenomena can be as critical or even

" more critical than ceiling and visibility constraints when addressing

P ‘

g “all-weather" capabilities. Ll e

: PUNBEEESS | |

b | @ weATHER conpiTions _ ~\/ cufu;;LTN’\c \ﬁ\,\\\

'- 17 e CEILING A ~ N -
L e VISIBILITY | , g — >

{ o HUMIDITY

g o TEMPERATURE

- : e PRECIPITATION

* WINDS

o TURBULENCE

o ICING.

o THUNDERSTORMS

* HAIL _

o FREEZING PRECIPITATION

e

/

TARGET

5 S '
“ FIGURE 1. METEOROLOGIST CONCEPT OF "ALL WEATHER"
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Icing is a condition which can affect any eystem pefformance;
however, it can be very ceitical to a slow, low flying aircraft during
a European winter. Winter climatological records for several German
locations indicate that 20 to 30 percent of the time precipitation is
occ_urm'ng.9 Most of it occurs as rain, drizz]e; snow, or s]eet.. How-
ever, only abeut two percent of the time can freezing rain or drizzle
be expected to occur. Most precipitation is accompanied by thick clouds

in which the possibility of some icing can be anticipated. Icing con-

~ditions of some form can be expected to occur 15 to 20 percent of the

time in Germany in the winter.10 The type and intensity of icing is
dependent on the amount of moisture available, temperature, co]iection
efficiency of the weapons systems, speed of the systems and such.
Thunderstorms are another meteorological phenomena which can impact
system performance. Thunderstorms can have other phenomena associated
ﬁith their occurrence such as hail, lightnihg, turbulence, icing, and
reduced visibility in}cloud or precipitation. Heavy precipitation from
such storms have been known to cause compressor stalls in modern jet

engines due to excessive water injestion. Lightning strikes are

- especially hazardous to aircraft constructed of composite materials -

because the damage due to such strikes is more extensive than with the

old aluminum skinned aircraft. During the early summer in Germany,

thunderstorms can be expected to occur one to two percent of the time.11
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Modern electro-optica} (E-0) weapons systems operating in the |

visual through millimeter wavelengths have highlighted the importance

" of environmental parameters which previously received secondary con-

siderations. The atmosphere can have an indirect, as well as a direct,
impact on E-0 systems through interactive effects on a background con-
trast which is a major factor in E-O system performance. This situation

was exemplified in the Joint Operational Test and Evaluation (JOT&E)

- of the Imaging Infrared (IIR) Maverick Missile in February 1977 at

Folk Polk, Louisiana and in the Initial Operational Test and Evalua-

tion (IOT&E) of the IIR Maverick in February 1978 at Baumholder, Federal

"~ Republic of Germany.

A minor drought condition in the southern U.S. during the JOT&E

" caused the coniferous trees in the area to be "stressed." The stressed

‘trees attempted to retain what water they had by reducing their trans-

piration. This caused the temperature of the trees to increase and appear

- warmer through the infrared sensor causing considerable clutter in the

video disb]ay. When the tanks or APC's were amongst the trees they were

'_more difficult to detect than when they were contrasted against the

ground.
During one day of testing at the IOT&E, strong insolation heated

cleared roads which were bounded by snow cover. The result was a large

‘thermal contrast (AT) between the road surface and the cold snow. .This

- set the threshold temperature within the missile at a level such that;

.~
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when vehic]es.riding down ;hé road were attacked with the IIR Maverick,
the seeker gate would expand to be filled by_the hot road and not only
the vehicle. These“secondary atmospheric effects can definife1y have
an impact on the adverse weather capability of a system. |

There are many other weather parameters which can havé 2 variety
of impacts on systems depending on the mission the system is performing.

The point to be made here is that it may be very misleading to assess

“a system's "all-weather" capability in terms of ceiling and visibility
“restrictions alone. Also, with the variety of definitions for "all-

-weather" that exists, it is becoming difficult to make comparisons of
utility between competing systems. It appears that the most effective

solution to the situation might be to deve]op’some general guidelines,

based on missicn or function of the system, which constitute a standard

definition of "all-weather.”

- From experience, we know that the more stringent we make our weather
requirements the more enhanced our system must be to operate in those

weather conditions. The more enhanced our systems become, the more

" costly they are. We might then ask "Is the expense required to achieve
an fa]]-weather' capability worth the cost?" Using data available on

. the spatfa] and temporal variability of meteorological phenomena, the -

effects of weather on system utility can be investigated.

Meteoroloéica1 pafameters like clouds and visibility show variability

in space and time. To demonstrate this phenomena, cloud informaticn, ;

for thé 15 Tocations in Figure 2, was extracted from the Air Weather
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FIGURE 2. CENTRAL GERMAN 3D-NEPH LOCATIONS

‘square is 25 nautical miles on a side. The month of January was selected

as representative of a winter cloud situation. The year 1974 was chosen

~ because our analysis, depicted in Figure 3, indicated that it was an

average year.




*

B ik b el 9k i i T ST A S R S RIS A A e B i
3 #
I )
1 R
1 14+
t’ ]3- . ./5 \. ”’,—-“\‘---.- e ——— . )
12+ RN ————— I
£ E /-/ //’ S Pt S ——— ,.""'—. 1971
17 o0 7 Iy O e S
g - 7 TP TN S TS 1974
et S, <o W02
2 94 - ’ .
= : 1973
& 8- ) :
w4 N
b
)
" N
é 5. =]
Z c————T2
5 4 A 73
o \3 . ) s sossesavsenes eon 73
.g - o B B
; 2_ e B e e s
Z \ . e e
’ 1
N o T -A 14 Y A 5 T T ) 1 ”_l——";r mcom T T vn \) v " s
-~ 9 1 2 3 45 6 1 8 9 1R 3 1415 16 17 18 92 21
R FIRST DAY OF EACH TEN DAY PERIOD

"FIGURE 3. AVERAGE NUMBER OF AREAS WITH CEILING ABOVE
1,000 FEET FOR 10 DAY PERIOD IN JANUARY

A time cro$s¥section for the i5 106at*ions in Figure 2 is shown in
" Figure 4. The hatchéd areas show when ceilings were below 1000 feet
above' ground level. It 1‘5 obvious that clouds vary both in ~t1‘me‘
| and space. This sort of daté is important in demonstrating that there

are always areas of decent weather conditions even though the weather

at one Tocation is bad. Figure 5 shows the monthly area to area corre-

PR SON

lation which indicates that there is generally poor correlation between

areas as close as 25 nautical miles.
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A similar situation exists vertically in the atmosphere ae Figures
6 through 8 indicete. These time-sequenced, vertical cross-sections
A.for the.15 German locations show that even in heavi]y‘clouded areas
‘there are still clear layers'available for possible visual air-to-air
activities. Therefore, it is incorrect to state a requirement for an
"all-weather" system based on the assumption that, when the weather
degrades,‘it is.bad everywhere.

T
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FIGURE 6. NORTH SOUTH CROSS SECTION THROUGH WEST GERMANY FOR 30 JANUARY

e 1974 AT 0900Z. CROSS-HATCHED AREA DEPICTS 30 PERCENT CLOUD
e COVER OR GREATER.
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At times, however, it may be necessary to conduct Operations in j

sSpecific Tocation at a given time, Then the spatial variability djs-
, :
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and/or 2 miles can be expected about one-third of the time and below

- 300 feet and/br 1 mile can be expected between 9 and 16 percent of the

time. -

HANNOVER
| JANUARY
{ CONDITIONS LESS THAN)

VISIBILITY ( MILES) CEILING ( FEET)
00 | 500 | 300 | 200 100
4 66 63 63 3 | e |-
3 45 u | 4 a4
2 2 3 32 32 32
1 2 14 9 7 7
V2 25 10 5 2 2 |-

;FIGURE.Q. HANNOVER.CEILING/VISIBILITY PERCENT FREQUENCY OF OCCURRENCE.

71 . TBiBURG
: ' JANUARY
( CONDITIONS LESS THAN)
VISIBILITY ( MILES) CEILING ( FEET)

1000 s00 | 300 | 200 10

4 50 u | B 43 43

3 15 37 3% 36 3

.2 39 B | 25 2

T U 19 16 13 13

12 3 18 1 10 9

FIGURE 10. BITBURG CEILING/VISIBILITY PERCENT FREQUENCY OF OCCURRENCE.
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- GRAFENWOHR
JANUARY
(CONDHYONSLESSTHAN)

VISIBILITY ( MiLES) CEILING ( FEET) -
1000 | s00 | 3g9 200 | 100
4 64 62 62 62 62
3 56 52 52 | "5 52
2 40 33 ) 32 73
1 28 | 15 13 B .| 3
vz 25 8 5 4 4

-;FIGURE.ii. GRAFENWOHR CEILING/VISIBILITY PERCENT FREQUENCY OF OCCURRENCE

(POR 1959-1969)

‘1vFigures 9 through 11 are compiled for ajj hours. To consider day-

Tight only Systems one would have to multiply théée probabi]ities by

'ﬂQ;33'for the winter case (attually 0.25 in December and 0.375 ip February)

to get daylight probabi1ities. Also it is entirely feasible to encounter

capabi]itx in Tower ceiling/visibf]ity conditions retyrn smaller per-
centage of time as we proceed td Tower and Tower conditions.

If potent?a]_system utility is assessed on a basis of cei]ing/visi-
bi]ity.conétraints and day/night-capabilities, some interesting insights
can be obtained. In Figure 12, for}example, if a conceptual system
has capabi?ity in the daytime only and requires’a'cei]ing/visibility

condition of 1000 feet and/or 4 miles or greater, the potential utility
’ , 15 : A

T A A
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is about 10 percent during January and 55 percent in July. The

addition of a night capability alone increases the potential utility

to 32 perceﬁt in January and 81 percent in July. Being able to work in
January and 93 percent in July. A system which can function down to
conditions of 500 foot ceilings and/or 1 mile visibilities (day and night)

brings the potential utility up to 86 percent in January and 98 percent

in July.

Somewhat better but similar information would apply to Grafenwohk,

.fFigure 13, as was shown for Hannover, Figure 12. One fact these Figures

point out is that we realize the largest payoff by acquiring a day and

night capability, especially in winter. Achieving a nighttime

capability improved our potential utility by a factor‘of-three during

the winter; whereas, going from a 1000 foot and/or 2 miie capability

to a 500 foot and/or 1 mile capability showed only a 1.3 potential

improvemént. And in the summer, these improvements are drastically

réduqed;

16

TR



3
' PERCENT OF TIME "
100-f :
. 2500/ 1 { ALL HOUR )
80— : 21000/2 ( ALL HOUR ).
70—
60— =1000/4 ( ALL HOUR )
50._
o
30— =1000/4 ( DAYLIGHT)
20“‘
10—
ov

| ] ] i | 1 i 1 i i i
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

~ FIGURE 12. POTENTIAL SYSTEM UTILITY FOR HANNOVER (POR: 1965 1971)

‘ _ikﬁ- SR

1 PERCENT OF TIME L :
e 100 — -
=500/ 1 ( ALL HOUR)
90 — .
- =1000/2 ( ALL HOUR)
70—
21000/4 ( ALL HOUR))
w-—
50—
40— O
_ : !
: 30— 21000/ 4 { DAYLIGHT ),
20-
;‘ © 10
. \___ 0 R S N (Y I B e m py
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

FIGURE 13. POTENTIAL SYSTEM UTILITY FOR GRAFENWOHR (POR: 1973- 1976)
| | 17 | N
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Before going any fafther, one note of caution needs to be dis-
cussed. The perféd of record (POR) for a climatological data sample
is.critical to the distributions. If a 10 year data base for Grafenwohr,
Figure 11, is compabed to a three year data base for Grafenwchr, Figure
14, significaht_differences can be observed. The shorter POR, Figure
14, is much more optimistic than the ten year POR, Figure 11, especially
wheh the visibility is two miles or better. For conditions of 100 feat
and/or 2 miles through 500 feet and/or 2 miles, thevthree year POR is
_more than a factor‘of two more optimistic than the ten year POR. For
’the most accurate climatological analysis, the POR should be at Teast

10 years or longer.

?v{f B  GRAFENWOHR
L IANUARY
' _ { CONDITIONS LESS THAN)

- VISIBILITY { MILES) _ CEILING ( FEET)
000 | 500 | 300 | 200 100
4 5 40 40 40 40
3 35 .26 25 5 25
2. 39 18 17 17 17
1 27 13 10 10 |, 10.
.t 26 11 7 6 | &€

b
o . |

FIGURE 14. GRAFENWOHR CEILING/VISIBILITY PERCENT FREQUENCY OF ©
| OCCURRENCE . -
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In many instances, the fact that a given weather situaiion has
occurred may not be as impﬁrtant as how long the condition persists
" given that it has ogcurred. This information can be obtained by per-
forming a duration ana]_ysis.14 Figure 15 depicts the‘probability of
occurrence of a given duratidn (hourss for four ceiling/visibility con-
ditions. These data, from Grafenﬁohr in January, indicate that condi-
tions below 200 feet and/or 1 mile would most 11ke1y last thrée'to
_four hours. However, conditions below 500 feet and/or 3 miles can be

expected to last on an average of nine to ten hours.
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Figure 16 attempts toAégain address the faCt that the weather is not
"the same at different locations. For a condition of 500 feet and/or
3 miles, duration are plotted for the three German locations.
Grafenwohr has the longest durations of poor weather of the three.
There can be as much as a 10 percent difference between Bitburg and
Grafenwohr for a given duration. This éhart does.help stress the fact

~that it is imprecise to select one location and state that its weather

is "typical" of a whole region.
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FIGURE 16. DURATION OF CEILING/VISIBILITY CONDITIONS FOR THREE
GERMAN LOCATIONS.
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As pointed out in the beginning, there is nc'cleap cut. universally

accepted definition of the term "all-weather." To eliminate confusion

when comparing different "all-weather" systems and to be consistent in

our understanding of the concept of "all-weather", standard definition,
based on mission, should be developed. Also, it is not advisable to
relegate the definition of "a]l-weather" to ceiling/visibility defini-

tion alone. Other factors, like icing and turbulence, may have a

" significant impact on system performance.

In ekpending resources to achieve an all weather capability, we

- should be cognizant of the payoffs to be derived. The mission require-

ments will most often drive the problem. If we are afforded the oppor-

bution of weather may permit the use of less sophisticated systems (in

the betier weather'areas). _However, if our systems must be employed

~in one lccation at a particular time, more elaborate systems may be

required (during poor weather). Good information on the frequency of

- occurrence and duration of critical weather parameters may be useful

in- determining the cost effectiveness of a specific system.

21

’ _';tunity to attack more than one area, the spatial and temporal distri-

ST TN BNy RN 8T



Py
Tar
LS
s
FArS
=

10.

REFERENCES

Fuller, John F. Weather and War. Scott AFB, Iilinois: Office
of Military Airlift Command History, December 1974.

Crusade in Eurdpe. Garden City, New York: Doubleday & CO.,
1948, p. 239. ' :

U.S., Congress, House, Subcommittee on Department of Defense of the
Committee on Appropriations, Hearings, Department of Defense Aporo-
priations for 1970, 91st Cong., Ist Sess, Pt 4, 1969, p. 462; U.S.

Congress, House, Committee on Armed Services, Hearings on Military

Posture..., 91st Cong., 2nd Sess, Pt 1, 1970, p. 8, 283; and U.s.
Congress, Senate, Subcommittee of the Committee on Appropriations,
Hearings, Department of Defense Appropriations for Fiscal Year 1973,
92nd Cong., 2nd Sess, Pt 4, 1972, p. 12.

U.S. Congress, House, Subcommittee on Department of Defense and
Military Construction of the Committee on Appropriations, Hearings,
Department of Defense Abpropriation, 93rd Cong, 1lst Sess, 1973, p. 5.

AFM 11-2, Air Force Manual of Abbreviations. Washington, D.C.: 22
March 1968. : » , » .

Air .Force Planning Guide. Washington, D;C.: OCtober'1978.

FY 80-84 Non-Nuclear Consumables Annual Analysis. Washington, D.C.:

- 31 August 1978,

ASD-TR-77-34, Offensive Air Support Mission Anaiysis. Wright-

* Patterson AFB, Ohio: 1973,

}USAF Environmental Technical Applications Center. Scott AFB, I11inois.‘

" USAFETAC is the central agency within the U.S. Air Force for developing

and providing climatological studies for observed and derived meteoro-
logical parameters throughout the worid. Much of the data used in this
presertation was prepared especially for this presentation.

RWSTR - 220, Aircraft Icing Climatology for the Northerm Hemisphere.
Scott Air Force Base, 111inois: June 1972.

-




